Introduction: The predisposition, infection, response and organ dysfunction (PIRO) staging system was designed as a stratification tool to deal with the inherent heterogeneity of septic patients. The present study was conducted to assess the performance of PIRO in predicting multiple organ dysfunction (MOD), intensive care unit (ICU) admission, and 28-day mortality in septic patients in the emergency department (ED), and to compare this scoring system with the Mortality in Emergency Department Sepsis (MEDS) and Acute Physiology and Chronic Health Evaluation (APACHE II) scores. Methods: Consecutive septic patients (n = 680) admitted to the ED of Beijing Chao-Yang Hospital were enrolled. PIRO, MEDS, and APACHE II scores were calculated for each patient on ED arrival. Organ function was reassessed within 3 days of enrollment. All patients were followed up for 28 days. Outcome criteria were the development of MOD within 3 days, ICU admission or death within 28 days after enrollment. The predictive ability of the four components of PIRO was analyzed separately. Receiver operating characteristic (ROC) curve and logistic regression analysis were used to assess the prognostic and risk stratification value of the scoring systems. Results: Organ dysfunction independently predicted ICU admission, MOD, and 28-day mortality, with areas under the ROC curve (AUC) of 0.888, 0.851, and 0.816, respectively. The predictive value of predisposition, infection, and response was weaker than that of organ dysfunction. A negative correlation was found between the response component and MOD, as well as mortality. PIRO, MEDS, and APACHE II scores significantly differed between patients who did and did not meet the outcome criteria (P < 0.001). PIRO and APACHE II independently predicted ICU admission and MOD, but MEDS did not. All three systems were independent predictors of 28-day mortality with similar AUC values. The AUC of PIRO was 0.889 for ICU admission, 0.817 for MOD, and 0.744 for 28-day mortality. The AUCs of PIRO were significantly greater than those of APACHE II and MEDS (P < 0.05) in predicting ICU admission and MOD. Conclusions: The study indicates that PIRO is helpful for risk stratification and prognostic determinations in septic patients in the ED.
Introduction
Sepsis, which can progress to severe sepsis and septic shock, is becoming a major healthcare problem and affects millions of people around the world each year [1] [2] [3] [4] [5] . The emergency department (ED) is a common location for the initial evaluation and management of septic patients. However, evaluation is complicated by the heterogeneity of clinical manifestations, sites of infection, comorbid conditions, and etiologic microorganisms [6] . Given the complexity of sepsis, biomarkers and mathematical models offer potential guidance once they have been carefully validated [7, 8] .
The concept of the predisposition, infection, response, and organ dysfunction (PIRO) scoring system was recommended at the 2001 International Sepsis Definitions Conference to improve the traditional classification of sepsis [9] . The PIRO system is an ideal staging system that incorporates assessment of premorbid baseline susceptibility (predisposition), the specific disorder responsible for illness (infection), the response of the host to infection, and the resulting degree of organ dysfunction. The four components of the PIRO system cover multiple known independent factors that may influence the onset, development, and outcome of sepsis. The system was proposed not as a prognostic measure, but rather as a stratification tool to resolve the inherent heterogeneity of septic patients. The PIRO system was expected to be helpful for risk stratification and for enrollment criteria in clinical studies, and to differentiate patients who may benefit from certain types of therapeutic intervention.
The PIRO system is theoretically an ideal stratification tool, but it is difficult to translate into clinical practice. In 2008, the first clinical PIRO model was developed [10] , followed by another three different PIRO systems over the next 5 years. The variables contained in these PIRO systems varied markedly, partly because of different enrollment populations. Three studies enrolled septic patients admitted to the ICU and another enrolled patients with suspected infection in the ED. The PIRO systems were based on ICU populations with ICU-specific variables, such as the location and length of stay prior to ICU admission, the reason for ICU admission, and the infective agents, so they were not very suitable for application in the ED [10] [11] [12] [13] . The PIRO system devised by Howell and colleagues was developed in patients in the ED with suspected infection and was designed for bedside use at clinical presentation [12] . The variables of this PIRO system were easily obtained in the ED, so its applicability was superior to others. Since the original study mainly focused on the prognostic value of PIRO, the system's risk stratification ability needs further evaluation.
This study was designed to assess the predictive performance of the PIRO system for ICU admission, development of multiple organ dysfunction (MOD), and 28-day mortality in septic patients in the ED, and to compare this scoring system with the Acute Physiology and Chronic Health Evaluation (APACHE) II [14] and Mortality in Emergency Department Sepsis (MEDS) scores [7] .
Materials and methods

Patients
We conducted a prospective observational clinical study in the ED of Beijing Chao-Yang Hospital, a teaching hospital of Capital Medical University with approximately 250,000 ED visits per year. The study was approved by the Beijing Chao-Yang hospital ethics committee, and written informed consent was obtained from every patient.
The enrollment criteria were age ≥ 18 years and fulfillment of the sepsis criteria as defined by the International Sepsis Definitions Conference [9] . The exclusion criteria were as follows: age < 18 years, terminal stage of disease (malignant cancer with metastases, AIDS, end-stage renal or hepatic disease, chronic heart failure), and refusal to participate in the study by patients or their relatives.
Data collection
Patients' basic information, including age, gender, comorbidities, telephone number, and medical record number, was recorded at the time of enrollment. Vital signs, laboratory results, and imaging results obtained on ED arrival were documented, together with diagnoses. The PIRO [12] , APACHE II [14] , and MEDS [7] scores were calculated using data obtained on ED arrival. The criteria for the four PIRO domains are presented in Table 1 .
Outcome variables
All patients were followed up for 28 days through medical records or by telephone. Organ function was assessed at enrollment and was reassessed when deterioration occurred or on the third day of enrollment if the patient was relatively stable. ICU admission during follow-up, development of MOD within 3 days of enrollment, and 28-day mortality were considered as the outcome criteria. MOD was defined as fulfillment of two or more of the criteria of severe sepsis at any time within 3 days of enrollment, excluding organ dysfunction, which was induced by pre-existing disease.
Statistical analysis
All data were analyzed by SPSS version 16.0 (SPSS Inc., Chicago, IL, USA). Normally distributed data were expressed as the mean ± standard deviation and were compared using the independent-samples t test. Data with skewed distribution were expressed as the median and quartiles and were analyzed by the Mann-Whitney U test. The chi-square test was used for the comparison of frequencies. Logistic regression analysis was used to determine independent predictors of outcomes. Receiver operating characteristic (ROC) curves were constructed and the area under the ROC curves (AUC) was determined to assess predictive value. All statistical tests were two-tailed, and P < 0.05 was considered statistically significant.
Results
Characteristics of the study cohort
Eight hundred and thirty-seven consecutive septic patients were screened from November 2011 to October 2012. We excluded 153 patients with non-infectious disease and four patients with incomplete data, and thus included 680 septic patients in the study. The characteristics of the study cohort are presented in Table 2 .
The mean age was much higher in patients subsequently admitted to the ICU (76 (range, 67 to 78) years) versus those who were not (72 (59 to 79) years, P = 0.012), in patients who developed MOD (75 (66 to 81) years) versus those who did not (71 (51 to 78) years, P < 0.001), and in patients who died within 28 days (74 (65 to 81) years) versus survivors (73 (59 to 79) years, P = 0.012). The percentage of males did not differ between patients with different outcomes.
Risk stratification and prognostic performance of the PIRO system
The predictive ability of each of the four components of the PIRO system was analyzed separately. The results are presented in Table 3 . Predisposition, infection, response, and organ dysfunction were all independent predictors of ICU admission. Predisposition, infection, and organ dysfunction independently predicted MOD, but response did not. For 28-day mortality, predisposition, response, and organ dysfunction were the independent predictors, but infection was not. The ROC curves are shown in Figure 1 , and the AUCs are presented in Table 4 . The predictive ability of organ dysfunction was the best among the four components. The AUCs of organ dysfunction in predicting ICU admission, MOD, and 28-day mortality were 0.888, 0.851, and 0.816, respectively. A negative correlation was found between response and MOD, as well as between response and 28-day mortality.
Comparison of severity systems in patients with different outcomes
The average APACHE II, MEDS, and PIRO scores were significantly different between patients who did and did not meet the outcome criteria (P < 0.001). The results are shown in Figure 2 . As shown in Table 5 , both PIRO and APACHE II scores independently predicted ICU admission and MOD, but MEDS scores did not. All three scores were independent predictors of 28-day mortality and had similar AUC values.
The ROC curves of APACHE II and MEDS scores are shown in Figure 1 , and the AUCs are presented in Table 4 . The predictive ability of the PIRO score for ICU admission (AUC: 0.889) was much better than that of MEDS (AUC: 0.774) and APACHE II (AUC: 0.789) (P < 0.01). The PIRO score was also better for predicting the development of MOD (AUC: 0.817) than MEDS (AUC: 0.758) and APACHE II (AUC: 0.764) scores (P < 0.05). The AUC values of the three systems for 28-day mortality were similar.
Discussion
It is important for the ED physician to identify high-risk septic patients who are likely to need aggressive resuscitation since significant physiologic changes from sepsis to severe sepsis and septic shock can occur rapidly in the early stages of sepsis. According to the 2012 International Guidelines for Management of Severe Sepsis and Septic Shock, resuscitation should be initiated in patients with sepsis-induced tissue hypoperfusion. In these guidelines, tissue hypoperfusion was defined as hypotension persisting after an initial fluid challenge, or a blood lactate concentration > 4 mmol/l [15] . In fact, most patients with elevated lactate are in the late stages of sepsis, and they experience high mortality despite aggressive resuscitation. Development of a more useful tool for risk stratification and prognosis in septic patients is thus still essential. For this purpose, the PIRO concept was proposed. The four components of the PIRO system cover almost all of the factors that may influence the onset, development, and outcome of sepsis. However, translating the PIRO concept into clinical practice is very difficult because of the extremely complex pathophysiologic changes of sepsis. In 2008, Moreno and colleagues developed the first PIRO score [10] . During the next 5 years, three additional clinical studies focusing on the PIRO system were published [11] [12] [13] . The enrollment populations varied from patients with clinically suspected infections to patients with severe sepsis/septic shock admitted to the ICU. The illness severity of the enrollment cohort was significantly different in every study, and the in-hospital mortality ranged from 4.3% to 48.5%. The statistical methods of screening the variables also differed between studies. The PIRO systems developed in these studies were therefore very different. Additionally, these studies focused on the prognostic value of the PIRO system, and did not assess its performance in risk stratification. The PIRO system assessed in the present investigation was developed from a study of 2,132 patients with suspected infections, and its prognostic value for in-hospital mortality was validated in an internal cohort (n = 4,618) and an external cohort (n = 1,004). In that initial study, the AUCs of the PIRO system in predicting in-hospital mortality were 0.90 in the derivation cohort, 0.86 in the internal validation cohort, and 0.83 in the external validation cohort [12] . This PIRO system incorporated 16 variables that were easily obtained in the ED and was superior to other PIRO systems for application in the ED. As the original PIRO enrollment cohort comprised patients with suspected infection who were relatively low risk (in-hospital mortality of 4.3%), its prognostic and risk stratification performance in septic patients required further assessment.
The present study assessed the predictive ability of the four components of the PIRO system separately and found that organ dysfunction was the best predictor of outcomes. The predictive value of each of the other three components was weaker. Some variables of the PIRO system (systolic blood pressure and lactate concentration) reflected established organ dysfunction and may partly account for the superior performance of organ dysfunction in predicting ICU admission and MOD. Another important result of our study is that response negatively correlated with MOD and 28-day mortality. As the criteria of response in the original PIRO were tachycardia, tachypnea, and elevated bands, patients who did not develop these symptoms were prone to adverse outcomes in the present study. Some septic patients manifest hypothermia and leucopenia instead of fever and leukocytosis, and their illness severity is more severe with poorer outcome [16] . This result suggests that adding hyporeactive variables in the PIRO system may be necessary.
Our study revealed that APACHE II, MEDS, and PIRO scores were much higher for patients admitted to the ICU than for those who were not. In binary logistic regression analysis, the independent predictors of ICU admission were the APACHE II and PIRO scores, but not the MEDS score. This may be because more organ dysfunction variables are used in the APACHE II and PIRO scores. Most patients were admitted to the ICU because they developed organ dysfunction that needed intensive therapy such as mechanical ventilation or continuous renal replacement therapy. The MEDS score incorporates fewer variables that reflect organ function, so its predictive ability for ICU admission is weaker. The superior predictive performance of the PIRO system for ICU admission may be helpful in establishing the disposition of septic patients in the ED. MOD signals progressive deterioration and is associated with high short-term mortality [1, 3, 4] . In our study, both PIRO and APACHE II scores independently predicted the development of MOD within 3 days of ED arrival, but MEDS scores did not. The predictive value of the PIRO system was superior to that of APACHE II. The PIRO system incorporates both the high-risk factors of MOD, such as age, liver disease, malignancy, and residence in a nursing home, and variables reflecting established organ dysfunction, such as systolic blood pressure and lactate; therefore, its predictive value was found to be better. The APACHE II score contains organ dysfunction variables, such as mean artery pressure, creatinine, and oxygenation, but other variables did not reflect organ function, so its predictive value was weaker compared with the PIRO score.
The PIRO system was an independent predictor of 28-mortality in the present study. Its prognostic value was similar to that of MEDS and APACHE II scores. A previous study obtained analogous results [17] . The PIRO system may be able to replace MEDS and APACHE II scores as a prognostic scoring system after validation in larger cohorts in the future.
Limitations
Our study was limited by being a single-center study with a relatively small sample size. It is also important to recognize that the present study excluded 48 patients with terminal disease (malignant cancer with metastases, AIDS, end-stage renal or hepatic disease, chronic heart failure), which significantly influenced the short-term survival rate. Data for these patients were not recorded or analyzed. The absolute scores of MEDS, APACHE II, and PIRO may therefore be a little lower in the present study than in other studies that included terminal patients.
Conclusions
The PIRO system is valuable in predicting 28-day mortality, ICU admission, and the development of MOD in septic patients in the ED. The PIRO score is superior to the MEDS and APACHE II scores for risk stratification, and its prognostic value is similar to MEDS and APACHE II scores. Organ dysfunction is the best predictor of ICU admission, MOD, and 28-day mortality among the four components of the PIRO system. The response component negatively correlated with MOD and 28-day mortality.
Key messages
Organ dysfunction is the best predictor of ICU admission, MOD, and 28-day mortality among the four components of the PIRO system. The predictive ability of predisposition, infection, and response components is weaker than that of organ dysfunction. Response negatively correlates with MOD and 28-day mortality. The PIRO score is superior to the APACHE II and MEDS scores for predicting ICU admission and MOD. The prognostic performance of the PIRO system for 28-day mortality is similar to that of the MEDS and APACHE II scores.
